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2.0 CONCLUSIONS

This test at a Q-BOP was conducted to determine if potentizally hazardous
materials are produced during the hot metal addition cycle of the process.
Tests were conducted by IERL-RTP Level 1 procedures in the secondary emission
collection system during eight hot metal additions (four process cycles).

The particulate emissions are given in Table 1. During the brief period
of actual hot metal addition, particulates are enitted at a fairly high rate
(1300 mg/ma). Emissions are not excessive, however, when calculated on a
Kg/ton of charge or Kg/cycle basis. Data in Table 11, Section 4 show that
about 69 percent ~f the particulate is greater than 10 microns and 14 percent’
falls in the 1-3 u size. It is important to realize that testing occurred
only during actual hot metal addition. Thus these resuits do not reflect
emissions which occur during the 0, blow cycle or during other periods when
the vessel is turned down (i.e., scrap charge, metal sampling, etc.) or the
brief period between hot metal addition from the two ladles.

JABLE 1. SUMMARY OF PARTICULATE DATA--iMCONTROLLED EMISSIONT

Stack Gas Volumetric Flowrate, m>/min 11,495%

Particulate Concentration, mg/m3 ’ 1,300

Particulate Generated, Kg/min . 14.9
Kg/average cycle (257 tons charged) 32.9
Kg/ton hot metal sdded (average) 0.16
Kg/ton steel scrap {averagz) 0.64
Kg/ton of total charge 0.13 .

*Average flowrate during preliminary tests was 9,372 m3/min which is consistent
witn system design value. . )
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BOF AND Q-BOP HOT METAL CHARGING EMISSION COMPARISON

"C. W. Westbrook
Research Triangle Institute
Research Triangle Park, N. C.

ABSTRACT

»‘:_me;_eg generat:gd during hot metal char'ging of a BOF and a Q-BOP wera
, ” pled and analyzed for total particulates, particulate mass in four size

es, and inorganic and organic compounds. The data indicate that the Q-,.
03 "u generates three times as much particulate and 15 times as much organic”
[ A % tter per megagram of hot metal charged as does the BOF. Polynuclear
omati¢ hydrocarbons (PNA) were found in the Q-BOP fume but not in the BOF

- ’-";-:'v No carcinogenic PNAs were detected. '
A‘:“ The differences found are probably due to the additional t:ime required

charge hot metal into the Q-BOP at :he particular plant sampled as com=’ ‘:. _
ed to the BOF (2.2 minutes for the Q-BOP versus 1.0 minutes for the BOF)
t to blowing of nitrogen gas into the bottom of t:he Q-BOP during the

ging operations.
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TABLE 4. PARTICULATE MASS DATA FOR BOF AND Q-BOP*

BOF Q-BOP

Size Range lb/ton . kg /Mg 1b/ton kg/Mg
<1 um 11.6 x 1070 5.8 x 1070 7.0 x 107> 3.5
1-3 um 16.8 x 1070 8.4 x 1070 49.4 x 107> 24.7
3-10 un 28.0 x 107> 14.0 x 107> 18.6 x 107> 9.3
>10 um 37.0 x 107> 18.5 x 1072 242 x 107> 121 x
Probe, Cyclone Washes 13.4 x 107> 6.7 x 107> .35.0 x 107> _17.5
10.6 x 1072 5.3 x 107 35.2x 1072 17.6

To;als:

*Calculated on the basis of hot metal added.
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s, The report gives resulls of an engineering investigation of fugitive (non-
docted) emissions in the iron and steel industry. Operations excluded from the -
study are coke ovens, basic oxygen furnace (BOF) charging, and blast furnace cast
hous=s, Fugitive amisyion factors for iron and steel sources were compiled from
the jiteraturs and from contact with industry sources, Field testing of particnlate
emissions from materials handling oporations and from traffic on paved and wnpaved
roads was utilized to develop improved emission factors for open fugitive emission
sources, Ranking fugitive sources on the basis of typically eontrolled fugitive emis-
sions of fine particulates (< § microns in diameter) indicates that alectrie fur«
naces, vehicular tralfic, BOFs, storage pile activities, and sintering, in decrea-
8ing order, ave the most important sources of fugitl ve emissions studied, Substan-
tial progress has been made in developing devices and methods for emission cap-
fure and removal. However, major problems exiat in retrofitting proposed systems

quantities, control device effectiveness, and control ecosts,<

to existing operations. There is also a serious lack of data on uncontrolled emission)
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compasition of emissions from sourcea downstrems of the windbox fs the same,
since the siater undergoes caly physical haadling snd sizing processes,

2.1.3 Hot Metal Transfer

Source Deseription~-

fvery 20T shop end most ORF shope have s hot metal transfer station. AL
these stations, the torpedo car from the blast furnace poura molten irva
either into the charging ladle or into a aixer which {s subsequeatly tapped
into the chargiag ladle. It 12 the violeat aixisg during thete pours that
produces iroa oxide emissions. Another type of emission produced is kish,
wvhich consists of carbonacecus, flake-iike particles that leave the molten
iroa as it begins to cool.

Source Extentee
In 1976, 82,900,000 tocs of hot metal were produced withia the induatry
and virtually all e¢f this hot metal vas traasferved prior to processing,

Tmhlruuru:m-- _ '
Table 2-2 shows that: the fugitive particulate emissfons from the hot
metal transfer stacion are coarse in comparisocn to the other process fugitive

emissions. This is due mainly to the fact thar the kish, which iz wuchd lerger
in size thao the iron oxide particles, is preduced in greater weight, thus
shifting the combined size distribueion toward the coarse end of the spectrusm,

kil

2.1.4 Bot Metal Desulfurization™ -

Source Descriptionwe

Pugitive emissions are genexrated by tha additisn of desul furizers to hot
metal at a position between the blast furnace snd the stesl-making furnace,
Eaissions resule from (1) agitation of the hot mecal as the desulfurizer is
added, (b) handling of the desulfurizer, (c) natursl rejecticn of carboun by
the hot metal, and (d) skimaiang of the slag into a pet.

Sgurce Extente=
The percentage of hat metal presently desulfurized betwaen tha blast
* furnses and the steel furnaes has not bees published.

Eaission Chavscteristicsg-« )

Littls Lis known conceruing the charscteristics of emissions from hot
metal desulfvrizacion. One of the constituents L{s kish, vhich has been pre-
viously described. Another of the coastitueats is iron oxides arising from
the sgitation of the hot metal. A third coastituent of the emissions is the
desulfurizer f2self. Some possible desulfurizers are CsCy, CaC, NaCO3, NaOH,
Nng, and ums.
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‘Mli.ﬁ 3-3. AVAILABLE PARTICLE S12C DATA FOR PROCESS SOURCESE/
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USS DIVISION OF USX CORPORATION
LORAIN WORKS
LORAIN, OHIO

Hot Metal Desulfurization Emissions Factor

A contractor removes and trucks collected material Irom
the hot metal desulfurization bag house box dump. The
trucks are not weighed nor are the number of truck loads

removed from each plece of control equipment recorded.

It was declded that it would be desirable to developr an
emission factor for the amount of sollids generated zer
unit of production at the hot metal desulfurization

stations.

A program was initiated in January, 1985 in which t=ueks
were welghed and the number loads removed was recorded

for a flve month period.

QUANTITIES OF DUST REMOVED FROM
BOP HOT METAL DESULFURIZATION
POLLUTION CONTROL ZQUIPMENT

BOP H.M. DESULF,

No.

Clean

Quts lbs
January 1985 15 61500
Pebruary 1985 10 41000
March 1985 19 77900
April 1985 23 941300
May 1935 18 73800

85 348500.
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Summary - Hot Meta® Desulfurization

No. Total BOP Prod Avg.

Truck Weight Tons Lig H.M. Desulfurization Station

Loads (LBS) Steel Factor Tons Hot Metal
Jan~-
May 85 85 348500 826044 91.81 758391
Bnission Factors: Lbs/Ton Liquid Steel 348500 _ 4 yo

826045 ~
Lbs/Ton Hot Metal 348500 _ 0.46
7eo591 - &
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USS DIVISION OF USX CCRPORATION
LORAIN WORKS
LCRAIN, ORIO

Process Description

The hot metal desulfurization facility at Lorain Works
consists of two lance stations which pneumatlcally
inj=2ct lime magnesium through a lance into the hot metal

charging ladie to reduce the sulfur content.

Emission Controls

Emissions generatad during the desulfurising and slag
skimning operations are captured by a movable hood car

at =2sch statien and vented to a bag house.
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March 19, 1992 One Executive Drive
Somerset, NJ 08873

(908) 560-7323
(908) 560-1688/FAX
Mr. Shri Harsha
Office of Air Management
Indiana Department of Environmental Management
105 South Meridian Street
Indianapolis, IN 46206-6015

Subject: Detailed Explanation of the Coke Oven Fugitve and Coke Quench Tower PM,,
Emission Estimates Developed for USS Gary Works

Dear Mr. Harsha:

ENSR Consulting and Engineering has developed the above referenced information as a
result of our meeting on March 11, 1992 and in support of the overall Lake County PM,,
Attainment Demonstration. We would like to point out to IDEM that for virtually every step
in the coke oven fugitives and quench tower emission estimation process that invoived
engineering estimates, ENSR used published USEPA data and conservative judgements that
resulted in higher emission rates. ENSR evaluated battery performance data provided by
USS to determine the best estimates for estimating coke oven fugitives for the #2, #83, #5
and #7 batteries at the Gary Works facility. The quench tower emissions data used by
ENSR are from the results of a prior source testing study conducted at the Gary Works by
TRC which was summarized in a 1980 report. Based on the availability of particulate
emissions data for the various release sources present at coke plants, our emission
estimates accurately refiect current conditions at the Gary Works.

Based on our previous discussion regardihgj ENSR's and IDEM’s emission estimation
approaches, we would like point out four (4) issues which were addressed by ENSR for the
coke plant PM,, emission estimates, but not by IDEM:

1: PM,, Splits for Coke Oven Fugitives: When USEPA PM,, split data existed we
applied this information to develop PM,, emission factors. For sources that PM,,
data was not available and Gary Works data indicated excellent battery
performance (i.e. door, topside and offtake leaks) our judgement was to set the
PM,, split at 100%. This approach is conservative, i.e. it overpredicts emission
rates.

2: Control Efficiencies for Door Leaks: The Gary Works coke batteries currently
perform at better than 10 percent leaking doors (PLDs). Since the lowest published
mass emission test is for 16% PLDs, the shape of the mass emission:PLD curve
is highly uncertain below about 10% PLDs. Thus ENSR used the RTI model
developed for USEPA at 10% PLDs, rather than at the actual Gary Works battery




March 19, 1992
Mr. Shri Harsha
Page 2

performance levels. This approach is conservative, i.e. it overpredicts emission
rates.

3: PM,, Splits for Coke Quench Towers: When the TRC study was conducted on
the #3 and #5 quench towers at Gary Works, particle size data was not collected.
AP-42 PM,, split data for dirty water quenching with baffles indicates that the PM,,
split is 32.3% ENSR notes that a USEPA testing study at the USS Lorain Works
quench tower produced a 22% PM,, split for dirty water quenching with baffles (See
attached table from Hendricks et al 1979). Thus by ENSR adopting the AP-42 PM,,
split for dirty water quenching with baffles we have used a conservative approach,
i.e. it overpredicts emission rates.

4: Emission Rates for Modeling: ENSR used the production rates indicated in our
March 1992 report "PM,, NAAQS Attainment Demonstration for the USS Gary
Works Facility, ENSR Doc. No. 6975-039-960" and the briefing notes we provided
IDEM at our meeting and March 11, 1992 to develop Ib per hour emission rates for
the process sources at the Gary Works Coke Plant.

We have attached relevant portions of cited documents in the attached calculations for your
use. ENSR would be pleased to answer any questions you may have regarding the coke
plant fugitive and quench tower PM,, emission estimates. Best regards.

Sincerely, -

Ronald Harkov, Ph.D. William Kubiak Richard Dworek

Air Toxics Program Manager Manager of Director
Environmental Compliance  Environmental Control

Attachments

QOBest

cC. T. Method
M. Dennis

ENSR Doc. No. 6975-040-800, B1



COKE OVEN FUGITIVE PM,, EMISSIONS
I - Charging

A: Data/Assumptions

1) PM,, emission factor for

stage charging,
0.008 Ib PM,,/t of coal

Source

AP-42, Supp A, Table 7.2-2



Il - Door Leaks
A: Data/Assumptions Source
1) TSP emission factor for AP-42, Supp A, Table 7.2-1

uncontrolied door leaks,
0.54 Ibs TSP/t of coal

2) Gary Works Battery Performance See February 8, 1991 Letter from Mr.
Data, percent leaking doors (PLDs) Michael Hanson of USS to Mr. Timothy
is consistently less than 10% PLDs Method of IDEM

3) Uncontrolled AP-42 TSP emission ENSR Engineering Estimate

factor based on 55% PLDs

(Note: Table 3-11, EPA-450/3-85-028a, mean of data is 51.5% PLDs)

4) Control efficiency can be estimated RTI report to USEPA (RTI/1736/2-01)
using the following equation EPA Contract No. 68-02-3056
E,/E, = (PLD,/PLD,)*®
where:

E, = Relative controlled Emission Rate, = PLD, = Controlied PLDs

E, = Relative uncontrolled Emission Rate, PLD, = Uncontrolled PLDs.
5) PM,, split = 100% ENSR Engineering Estimate
B: Emission Estimate

To develop this emission estimate it was necessary to use the uncontrolied and controlied PLDs,
uncontrolled TSP emission rate, and a conservative PM,, split, or:

It Uncontrolled PLDs = 55%;

i Controlled PLDs = 10%;

fit: Uncontrolled TSP emission factor, 0.54 Ib/t of coal; and
Iv: Conservative PM,, split = 100%, or 1.0.

Thus;
Step 1: Estimate Relative Emission Rates
E,/E, = (PLD,/PLD,)**

Q‘@@%



or,
E,/E, = (10/55)**
Thus;
E,/E, = 0.014
Step 2: Estimate Control Efficiency at 10% PLDs
Control Efficiency = 1 - 0.014 or,
0.986 or 98.6% control efficiency
Step 3: Estimate PM,, Emission Factor at 10% PLDs
(0.54 Ib TSP/t coal) * (0.014) * (1.0, PM,, split) = 0.00756 Ib PM,,/t coél

or by rounding, 0.008 Ib PM,,/t coal




iil - Pushing

A:

1)

2

3)

4)

5)

6)

B:

Data/Assumptions

Batteries #2 and #3 have mobile
scrubber cars

Batteries #5 and #7 have movable
hoods with baghouses

TSP emission factor for pushing
with mobile scrubber cars,
0.072 lIbs TSP/t of coal

PM,, emission factor for pushing
with mobile scrubber cars,
0.023 Ibs TSP/t of coal

TSP emission factor for pushing
with movable hood w/baghouses,
0.09 Ibs TSP/t of coal

PM,, emission factor for pushing
with movable hood w/baghouses,
0.0288 Ibs TSP/t of coal, based on
estimate of PM,, split of 32%

Emission Estimate

Source

USS Gary Works

USS Gary Works

AP-42, Supp A, Table 7.2-1

AP-42, Supp A, Table 7.2-2

AP-42, Supp A, Table 7.2-1

ENSR Engineering Estimate, Same
as PM,, split on mobile scrubber cars
(See - AP-42, Supp A, Table 7.2-2)

To develop the emission factor for #5 and #7 pushing controls it was necessary to use the
controlled TSP emission factor, and a conservative PM,, split, or:

Thus;

Step 1:

I Controlled TSP emission factor, 0.08 Ib/t of coal; and
IH Conservative PM,, split = 32%, or 0.32.

Estimate PM,, Emission Factor

(0.09 Ib TSP/t coal) * (0.32, PM,, split) = 0.0288 Ib PM,,/t coal




IV - Topside Lids and Offtakes

A:

1)

2)

3)

4)

5)

B:

Data/Assumptions

Uncontrolled TSP emission factor,
of 0.01 Ibs TSP/t of coal

BSO emission rate difference
small topside leaks to large
topside leaks is approximately
85%

Gary Works Battery Performance
Data, percent topside and offtake
leaks are consistently less than
1% and 5%, respectively

Control efficiency conservatively

estimated at 90% from uncontrolied

conditions
PM,, split = 100%

Emission Estimate

Source

1983 letter form USEPA to USS regarding
Lake County TSP SIP Development

Table 3-14, EPA-450/3-85-028a

See February 8, 1991 Letter from Mr.
Michael Hanson of USS to Mr. Timothy
Method of IDEM

ENSR Engineering Estimate

ENSR Engineering Estimate

To develop the emission factor for topside lids and offtakes it was necessary to use the
uncontrolled TSP emission factor, a control efficiency and a conservative PM,, split, or:

Thus;

Step 1:

I Uncontrolled TSP emission factor, 0.01 ib/t of coal;
il Control efficiency 90% or, 1-0.9 = 0.1; and
i Conservative PM,, split = 100%, or 1.0.

Estimate PM,, Emission Factor

(0.01 Ib TSP/t coal) * (0.1, uncontrolled) * (1.0, PM,, split) = 0.001 Ib PM,,/t coal



V - Total Coke Battery Fugitive PM,, Emissions

#2 and #3 Batteries

Source
Charging
Door Leaks
Pushing
Lids/Offtakes
Total

#5 and #7 Batteries
Source
Charging
Door Leaks
Pushing
Lids/Offtakes

Total

Emission Factor, Ibs PM,,/t of coal
0.008
0.008
0.023
0.001

0.04

Emission Factor, Ibs PM,,/t of coal
0.008
0.008

0.0288



COKE QUENCH TOWER PM,, EMISSIONS

A: Data/Assumptions

1) TSP emission factor for
#2 and #3 quench towers,
0.45 Ib PM,,/t of coal

2 TSP emission factor for
#5 and #7 quench towers,
0.64 Ib PM,,/t of coal

3  PM,, split = 32.3%

B: Emission Estimate

Source

Source Test Report by TRC, at Gary Works
September 12, 1980

Source Test Report by TRC, at Gary Works
September 12, 1980

AP-42, Supp A, Table 7.2-2, quench towers -
dirty water with baffies

To develop the PM,, emission factor for #2, #3, #5 and/or #7 quench towers it was necessary
to use the measured TSP emission factor, and a conservative PM,, split, or:

I Controlied TSP emission factor, 0.45 Ib/t of coal for #2/#3 towers

and 0.64 Ib/t for #5/#7 towers; and
i Conservative PM,, split = 32.3%, or 0.323.

Thus;

Step 1: Estimate PM,, Emission Factor for #2/#3 Quench Towers

(0.45 Ib TSP/t coal) * (0.323, PM,, split) = 0.145 Ib PM,,/t coal

Step 2: Estimate PM,, Emission Factor for #5/#7 Quench Towers

(0.64 Ib TSP/t coal) * (0.323, PM,, splity = 0.207 Ib PM,,/t coal



RT1/1736/2-01
March 1980

A MODEL TO ESTIMATE HAZARDOUS EMISSIONS FROM COKE OVEN DOORS

by

C. C. Allen, Jr.
Research Triangle Institute
P. 0. Box 12194
Research Triangle Park, NC 27709

EPA Contract No. 68-02-3056

Project Officer

Lee Beck
Industrial Studies Branch
Emission Standards and Engineering Division
U.S. Environmental Protection Agency
Research Triangle Park, NC 27711

Prepared for

U.S. Environmental Protection Agency
Office of Air Quality Planning and Standards
Research Triangle Park, NC 27711
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6.0 THE RELATIONSHIP BETWEEN PERCENT LEAKING DOORS AND MASS EMISSIONS

The percent leaking doors is a function of the gap size: 1larger gap
sizes between the door sealing edge and the oven jamb require longer times to
self-seal. These longer sealing times permit a larger fraction of the doors
to leak simultaneously, and careful adherence to maintenance gap specifica-
tions is essential for reducing the sealing times. The larger gaps not only
permit the emissions to persist longer but also emit more pollutants per unit
time.

Equation 9 demonstrates how the gap size may be estimated from the per-
cent leaking doors (PLD).

4 3 PLD (9)

G=6.5x10

The emissions may be estimated from the gap size with Equation 8. The
results of the calculations are presented in Table 6 and Figure 3 for the
model coke oven. From this model, the mass rate of emissions are dramatically
affected by the gap size and directly related to the percent leaking doors.
Decreasing the percent leaking doors from 25 to 5 percent results in an
estimated reduction in emissions of 98 percent, for example.

The relationship between the percent leaking doors and the emissions is
presented in Figure 4. The results of the calculations are plotted on a
log-log graph and an approximately linear relationship exists between the
variables for the PLD range of interest (5-25 percent). The slope of this
line is 2.5, implying that the emissions vary with the 2.5 power of PLD. A
lesser slope of 1.6 is present for the function at values less than 5 PLD.

The slope of 2.5 can be useful in estimating percent reduction in emis-
sions.

E pLD, \ 2-° (10)

1

PLD

=
E , )

2

16 R




A reduction in PLD from 50 to 5, for example, results in emission reduc-
tions of (0.1)2'5 = 0.0032 or 99.7 percent. From Figure 4, the estimated
emissions would be reduced from 840 kg (1848 1b) per door to approximately 2
kg (4.4 1b) per door per cycle, or 99.8 percent.

19
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TABLE 3-11. COKESIDE SHED TEST RESULTS
Number Kilograms
Kilograms  Percent of of BSO
of BSO leaking leaking per hour per
Test per hour doors doors leaking door
Wisconsin Steel Shed3® 7.0 73 33 0.21
5.9 78 35 0.17
5.4 60 27 0.20
6.0 69 31 0.19
Average 6.1 70 32 0.19
ARMCO, Inc. Shed!2? 6.8 16 10 0.68
11 31 19 0.59
13 39 24 0.55
Average 10.3 29 18 0.58
Bethiehem Steel, Burns Harbori® 3.9 -- --a --a
3.9 50 41° 0.10°
Bethlehem Steel, hoods!® 0.22° -- 1 0.22°

4The number of leaking doors was not reported.

bAssumes that 50 percent of the 82 doors were leaking. .
“This value is for toluene solubles from a pusherside hood over the door.
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TABLE 3-14. TOPSIDE LEAK EMISSION TEST!3

Leak size? BSO (kg/hr) BaP (kg/hr) }f
Large 0.002b == ,
0.017 -- ?

0.035 -- :

0.012 0.00022° ,g

Average 0.021 _— -:
Small 0.0017 - ;3
0.0029 -- f;

0.0053 0.000072° ig

Average 0.0033 - i

3 large leak yields a 1- to 2-meter (3- to 6-foot) visible plume.
A small leak yields a 0.3-meter (1-foot) visible plume.

bExperimental run: vent was partially plugged and flow was restricted.
“These values are 1.4 to 1.8 percent of the BSO.
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USS Technical Center Michael A. Hanson
4000 Tech Center Drive Manager
Monroevilie. PA 15146 Environmental Control
412-825-2416 Environmental Affairs

FAX 412-825-2494

February 8, 1991

Timothy J. Method

Assistant Commissioner

Office of Air Management

Indiana Department of Environmental Management
105 south Meridian Street

P. O. Box 6015

Indianapolis, IN 46206-6015

Subject: Response to Comments Provided by the Indiana
Department of Environmental Management (IDEM)

Regarding the USS Gary Works PMIO Inventory

Dear Mr. Method:

The following letter is a response to the written comments provided by
IDEM to USS and ENSR at our December 14, 1990 meeting at your offices
in Indianapolis. The discussion that follows is organized on a Gary

Works production area basis.

Coke Plant

1. IDEM was concerned about the status of Nos. 15 and 16 coke
batteries. USS desires not to alter the current permit status of
these operations and would have these sources contributing zero
emissions to the PM inventory for the facility. USS is aware
that before Nos. 15 and 16 coke batteries become active we would

be required to seek a SIP revision.

2. Attached are some recent battery leak detection results from the
Gary coke plant operation and maintenance program. ENSR (in their
report) has not "relaxed” the percent leaking doors for the coke
batteries at Gary Works. Since the lowest quantitative emission
test for door leaks is for about 16% door leaks, it is their
technical judgement that the actual shape of the percent door leak
to mass emission curve is very uncertain below about 10% leaking
doors. The Gary Works coke batteries normally are below 8%
leaking doors. The attached reports for October - December 1990

show door leaks from 0.4% - 3.1% monthly averages.

. 900111
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Mr. Timothy J. Method
February 8, 1991
Page 2

The percent control efficiency estimate for 10% leaking doors was
computed from equation 10 on page 16 in a Research Triangle
Institute report completed for USEPA (See Attachment). This model
is also discussed in the wet-coal charging BID (EPA 1987). ENSR
assumed that 55% leaking doors is an uncontrolled emission state,
then at 10% door leaks the percent of the uncontrolled emission
rate is estimated to be about 1.4%. Thus the estimated controls
efficiency for 10% versus 55% leaking doors is approximately 98.6%
or 0.008 lbs/ton based on a 0.54 lbs/ton uncontrolled emission
rate. We would like to emphasize that the uncontrolled door leak
factors contained in AP-42 were generated during a period when the
percent door leaks at many coke plants were typically greater than
50%. Also, since Gary Works batteries typically have less than
8% door leaks, the actual control efficiency is likely to be
greater than 99% when compared with uncontrolled door leak
emission rates.

The PM emission factor utilized by ENSR for stage charging
(0.008 1lbs/ton) can be found in Table 7.2.2 in Supplement A of
AP-42.

Sinter Plant

1.

IDEM did not provide any substantive comments regarding this
portion of the PM; g inventory.

Blast Furnaces

1. USS wishes to operate the blast furnaces as indicated in the PM,,
inventory. USS is aware that such changes in production limits
are likely to impact the current So, SIP revision compliance
study.

2, Under separate cover (1/14/91), USS has provided IDEM
justification for the 90% PMio control efficiency for the fume
suppression system.

#1 BOP Shop

1. Prior to October, 1990, the normal vessel angle during hot metal

charge was 320°-323° or 37°-40° from vertical. 1In October, tests
were run at a steeper vessel angle so that the mouth of the vessel
is closer to the gas cleaning hood. As a result of these tests
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Mr. Timothy J. Method
February 8, 1991
page 3

it was determined that improved capture efficiency could be
achieved at the steeper angle and, consequently, the new practice
calls for 328° plus or minus two degrees. At the steeper angle
during the October tests the highest two minute average roof
monitor opacity was 15.6% and most of the rest were in single
digits.

Under separate cover (1/14/91) USS has provided IDEM with a
justification for the 80% fume suppression efficiency utilized for
tapping and HMT.

There i8 no estimate of kish removal emission rates because ENSR
could not identify a suitable emission factor or emission factor
analogy to estimate the particulate emissions from this
intermittent source.

USS believes we have provided IDEM with as complete an inventory
of the PHIO gources within the BOP shop that is possible based on
current source characterizatjon data available from Gary Works,
USEPA and the open technical literature. Since the present Gary
Works BOP shop PHIO inventory is less than the proposed IDEM PH1°
limits, no further air pollution controls should be required for
this process unit.

#2_0O-BOP_ Shop

1.

IDEM believes that kish removal, skull burning, ladle dumping, and
slag tapping should be included in the PM;o inventory for the Q-
BOP shop. ENSR could not identify suitable emission factors or
emigsion factor analogies to estimate the particulate emissions
from these intermittent sources. These sources are normally
likely to be minor contributors to roof monitor emissions. For
example, utilizing a poor analogy for kish removal from AP-42,
such as the PM emission factor for batch dropping of low silt
slag (0.0043 1lbs/ton), indicates that this source could, on a
worst case basis, represent less than 2% of the total estimated
Q-BOP roof monitor PM;0 emigssion rates.

Scrap charging should produce much less PM;q emissions than hot
metal charging. The present charging factor was applied to the
entire hourly steel production of 625 T/hr, whereas the derivation
of the charging factor is based on lbs/ton of hot metal additions.
The attached report was used to develop the Q-BOP charging
emission factor.
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Mr. Timothy J. Method

- February 8, 1991

Page 4

3. The emission factor of 0.05 lbs/per ton for hot metal tranafer
already recognizes dual handling of the hot metal at the mixers.
Therefore, it is not reasonable to double this figure.

4. USS is reviewing the feasibility of various control options to
achieve an estimated roof monitor P“1o removal efficiency of about
95%. These control methods should have a substantial reduction
on the estimated PHIO off-gite impacts from the Q-BOP shop.

Area Sources

1. IDEM did not provide any substantive comments regarding this
portion of the p“1o inventory.

Boilers

1. Based on the current limits in the SO, SIP, ENSR assumed that coal
could not be utilized as a fuel in the #2 Coke Plant Boilerhouse,
however IDEM assumed that the boiler was using coal as a fuel.
IDEM should correct their inventory to reflect the S0, SIP fuel
use restrictions.

Although ENSR received some information from IDEM at our December 14,
1990 meeting, the data tape was not formatted properly for their use.
On December 31, 1990, ENSR returned the data tape to IDEM and requested
that the tape be formatted in ASCII with a record length of 80 and 10
records per block. IDEM has assured ENSR that they would receive
information regarding the model source inputs, determination of back-
ground, meteorological data etc., however as of the date of this letter
ENSR has not received these items. ENSR would appreciate receiving
this information as soon as possible.

If you have any questions regarding the above, please feel free to
contact me at 412-825-2416 or Ron Harkov at 908-560-7323.

Very truly yours,

MAH/cg

cc: Paul Dubenetz
Ron Harkov
Shri Harsha
B8ill Kubiak
Leo Pruett



uss- Gary Works
Self Monitoring Summary
Coke Batteries -October 1990

Stack
Doors Col. Lids Offtakes Charging No. of 6-Min
Percent  Main  Percent Percent of Total Seconds Pushing Average Averages
Battery of Doors No.of oflLlds Offtakes of Emission Opacity >30% Opacity

No. Date Leaklng Leaks Leaking Leaking Per 5 Charges For 4 Pushes Per Hour
2 10-02-80  0.0% 0 0.0% 0.0% 0 8.5% 0
10-06-80 3.5% 0 0.4% 0.0% " 5.8% 0
10-08-90 5.2% 0 0.0% 0.9% 13 11.4% 0
10-13-90 1.7% 0 0.0% 0.0% 15 8.4% 0
10-15-90  2.6% 0 0.0% 0.0% 6 7.2% 0
10-20-90  7.0% 0 0.9% 0.0% 20 9.8% 0
10-22-90  0.0% 0 0.0% 1.8% 20 7.1% 0
10-2690 0.0% 0 0.9% 0.9% 27 5.3% 0
10-29-90  7.9% 0 0.4% 0.9% a8 6.6% 0

3 10-03-90
10-11-90
10-13-90
10-18-90
10-20-90
10-24-90
10-27-90
10-30-90

00011¢

0 0.5% 0.0% 10 8.3%
0 00% = 0.0% a3 14.4%
0' 0.0% 0.0% a7 12.5%
0 0.0% 0.0% 0 14.2%
0 0.0% 0.0% 10 7.1%
0 0.0% 0.0% 4 6.6%
0 0.0% 0.0% 7 10.4%
0 0.5% 4.8% 15 12.3%

ECBSW10.XLS 10/31/90 11:53 PM

OO0 OO OO

*No Inspection
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USS - Gary Works
Selt Monitoring Summary
Coke Batterles -October 1990

Stack
Doors Col. Lids Offtakes Charging No. of 6-Min
Percent Main Percent Percent of Total Seconds Pushing Average Averages
Battery of Doors No.of oflLids Offtakes of Emission Opacity >30% Opacity

No. Date Leaking Leaks Leaking Leaking Per 5 Charges For 4 Pushes Per Hour
5 10-03-90  6.4% 1 0.0% 5.8% 72 4.7% 0
10-06-90 0.0% 0 0.0% 1.3% 24 8.0% 0
10-08-90  0.0% 0 0.0% 0.6% 6 6.7% *
10-11-80 0.0% 1 0.0% 0.0% 37 11.5% 0
10-15-90 0.0% 0 0.0% 0.0% 3 3.5% 0
10-18-90  0.0% 0 0.0% 0.0% 3 4.3% 0
10-22-80 0.0% 0 0.0% 0.0% 3 2.4% 0
10-27-90 1.9% 0 0.0% 0.6% 11 5.8% 0
10-29-90 0.6% 0 0.0% 0.0% 20 2.9% 0
10-30-90 0.0% 0 0.0% 0.0% 7 2.0% 0

7 10-02-90
10-03-90
10-06-90
10-08-90
10-11-90
10-15-90
10-18-90
10-22-90
10-27-90
10-29-90

Limitation:
* = No inspection

10.0%

OO0 OO0 O0OO0OO0OO0O »

3

ECBSW10.XLS 10/31/90 11:53 PM

* * * 5.8%
0.4% . 3.9% 14 6.0%
0.0% 3.9% 9 18.9%
0.0% 1.3% 13 2.5%
0.0% 0.0% 2 3.3%
0.0% 1.9% 2 3.1%
0.0% 4.5% 43 8.7%
0.0% 0.0% 5 5.9%
0.0% 1.2% ) 17 6.3%
0.0% 0.2% _ 19 2.0%
0.0% 1.2% 4 6.3%

3.0% 10.0% 125 20.0%

2PN OO0 W » »0O0 O »

30.0%

317000

*No Inspection
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USS - Gary Works
Self Moénitoring Summary
Coke Batteries - November 1990

Stack
Doors Col. Lids Otftakes Charging No. of 6-Min
Percent Maln Percent Percent of Total Seconds Pushing Average Averages
Battery ofDoors No.of oflids Offtakes of Emission Opacity >30% Opacity

No. Date Leaking Leaks Leaking Leaking Per 5 Charges For 4 Pushes Per Hour
2 11-03-90  4.5% 0 0.4% 0.0% 10 8.8% 0
11-08-90 0.9% 0 0.0% 0.0% 22 1.7% 0
11-10-80  0.0% 0 0.4% 1.7% a1 4.4% 0
11-15-900  0.0% 0 0.0% 0.8% 28 7.0% 0
111780 9.6% 0 0.4% 0.0% 78 6.8% 0
11-21-80  0.0% 0 0.0% 0.0% 16 4.5% 0
11-24-90 6.1% 0 0.0% 1.7% 23 12.3% 0
11-28-90  0.0% 0 0.0% 0.0% 3 20.8% 0
11-29-00 3.5% 0 0.9% - 1.7% 28 13.6% 0

3 11-03-90
11-09-90
11-10-90
11-16-90
11-17-90
11-19-90
11-24-90
11-29-90

0 0.0% 0.0% 10 7.3% 0
0 0.0%  0.0% 1 1.8% 0
0 0.0% 0.0% 43 16.5% 0
0 0.0% 1.9% 0 19.0% 0
0 0.0% 0.0% 29 15.8% 0
0 0.0% 1.0% 26 15.2% 0
0 0.0% 1.9% 11 22.1% 2
0 0.0% 0.0% 14 7.4% 0

ECBSW11.XLS 11/30/90 1:59 PM

1 1T000

1
Saed

*No Inspection
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"~ USS - uary Works
Selt Monitoring Summary
Coke Batteries - November 1990

Stack
Doors Col. Lids Otftakes Charging No. of 6-Min
Percent  Main  Percent Percent of Total Seconds Pushing Average Averages
Battery of Doors No.of ofLids Offtakes of Emission Opacity >30% Opacity

No. Date  Leaking Leaks Leaking Leaking Per 5 Charges For 4 Pushes Per Hour
5 11-08-90 0.7% 0 0.0% 0.0% 7 9.2% 0
11-09-90 0.0% 0 0.0% 0.7% 0 9.0% 0
11-16-90 0.7% 0 0.0% 3.2% 4 16.8% 0
11-16-80 0.0% 0 0.4% 1.3% 17 5.8% 0
111990  25% 0 0.4% 3.9% 7 5.1% 0
11-21-80 0.0% 0 0.0% 0.0% 9 15.1% 0
11-28-90  0.0% 0 0.0% 1.3% 6 23.7% 0
11-29-80  0.0% 0 0.0% 3.2% a1 6.6% *

AWaMe
A

7 11-08-90
11-09-80
11-15-90
11-16-90
11-19-90
11-21-90

5003 N A

Limitation:
* = No Inspection

10.0%

0 0.0% 2.0% 25 5.8%
0 0.0% 0.0% 36 3.7%
0 0.0% 9.1% 30 9.4%
0 0.0% . 0.7% 3 16.1%
1 0.0% 2.6% 15 3.9%
0

0.0% 0.0% 8 5.5%

3 3.0% 10.0% 125 20.0%

ECBSW11.XLS 11/30/90 1:59 PM

»NN OO

oo

30.0%

317000

*No Inspection



 USS - uary Wwuins
Self Monitoring Summary
Coke Batterles - December 1990

L)

Stack
Doors Col. Lids Offtakes Charging No. of 6-Min
Percent Main Percent Percent of Totai Seconds Pushing Average Averages
Battery of Doors No.of oflLids Otftakes of Emission Opacity >30% Opacity

No. Date Leaking Leaks Leaking Leaking Per 5§ Charges For 4 Pushes Per Hour
2 1201-90 0.8% ] 0.0% 0.0% 13 3.7% 0
120390  0.0% 0 0.4% 0.0% 27 12.0% 0
12-08-90 2.6% 0 0.4% 4.4% 42 15.2% 0
12-11-90  0.0% 0 0.0% 0.8% 5 4.5% 0
12-13-90 1.8% 0 0.0% 0.0% 43 14.4% 0
12-18-90 0.0% 0 0.0% 0.0% 13 8.3% 0
122290 4.4% 0 0.4% 4.4% 34 10.0% 0
12-26-90 0.0% 0 0.0% 0.0% 22 7.4% 0
12-29-90 5.3% 0 0.0% 1.7% 14 7.7% 0

3 12-01-90
12-04-90
12-08-90
12-12-90
12-15-90
12-18-90
12-22-90
12-27-90
12-29-90

|
|

0 0.0% 0.9% 10 18.1%
0 05%  1.9% 32 11.8%
0, 04% - 0.9% 57 19.6%
0 0.4% 0.9% 12 7.1%
0 0.0% 0.0% 0 19.4%
0 0.0% 0.8% 6 12.4%
0 0.0% 0.0% 3 19.2%
0 0.0% 1.0% 15 6.7%
0 0.0% 0.0% 9 7.0%

i
ECBSW12.XLS 1/2/9'1} 11:40 AM

OO0 O0OO0DO0OO0OO0O0oO

517000

*No inspection .



" USS - Gary Works
Self Monitoring Summary
Coke Batterles - December 1990

Stack
Doors Col. Lids Offtakes Charging ' No. of 8-Min
Percent Main  Percent Percentof  Total Seconds Pushing Average Averages
Battery of Doors No. of of Lids Offtakes of Emission Opacity >30% Opacity

No. Date Leaking Leaks Leaking Leaking Per 5 Charges For 4 Pushes Per Hour
5 120590 3.2% 0 0.0% 0.0% 45 13.3% 0
120690  0.0% 0 0.0% 3.3% 32 12.7% 1]
12-14-90 0.0% 3 0.0% 0.6% 9 12.9% 0
12-15-90  0.0% 0 0.0% 1.3% 26 13.8% 0
12-20-90  3.2% 0 0.0% 0.6% 76 14.7% 0
122180 0.0% 0 0.0% 3.3% 46 3.9% *
12-26-90 0.0% 0 0.0% 0.0% 55 3.6% 0
12-27-90  0.0% 0 0.0% 3.2% 14 3.6% 0

7 1201-90  1.2% 0 0.0% 2.5% 2 6.9% 0

120590  0.0% 0 0.4% 0.6% 7 1.7% 0

1206-90  0.0% 1 1.7% 2.0% 7 10.7% 0

12-14-90  0.0% 0 00% = 2.6% 3 10.2% 0

12-15-90  0.0% 0 0.0% 0.0% 10 18.3% 0 2
12-20-90  0.0% 0 0.0% 2.6% 5 6.2% 0 =
122190  2.6% 0 0.0% 4.5% 13 24.4% * \f":q\)
12-2690  0.0% 0 0.0% 0.0% 4 4.9% 0 )
122790  0.0% 0 0.0% 6.5% 0 3.5% 0

Limitation: 10.0% 3 3.0% 10.0% 125 20.0% 30.0%
* = No Iinspection ,

* ECBSW12XLS 1/2/91 11:40 AM *No Inspection
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0.19 1b/ten of coal to see if JSL's lower factor of 0.177 could be
justified. Based on this reexamination, we now believe that a factor
of 0.18 1b/ton of coal is the factor that should be used, This is

based on the following rationale:

Pushing: 0.47 1b/ton of coal, uncontrolled (AP-42); 90% capture is
required by 325 IAC 11-3; 1imit on controlled emission is
O0¢ 8% 1b/tan of coke (0.028 1b/ton of coal), 325 [AC 11-3,
Therefore, 0.047 + 0,028 = 0,075 1b/ton of coal.

Coue .-n,- 0.85 1db/ton of coal, uncontrolled (AP-42); 325 IAC 11.3 =
RACT = approx. 95% control. Therefore, 0.043 1b/ton of

coal,

Oven Door Leaks: 0.51 1b/ton of coal, uncontrolled (AP-42); 325 IAC
11-3 = RACT = approx. 90% control. Therefore, '
0.051 1b/ton of coal. '

Charging Lids and Offtakes: 0,009 1b/ton of coal based on 2 method
- using results from USEPA topside leak
test, 1979, and requirements of 325 [AC 11-3.

Recognizing the uncertainty of these factors, we round to two decimal
places and obtain:

Pushing 0.08
Charging 0.04
Door Leaks 0.08%
Lid and Qfftakes 0.01
Total 0.18 1b/ton of coal

U.S. EPA believes that this composite emission factor of 0,18 1b/ton of

coal would represent emissions from pushing, charging, door leaks, and
charging 1id and offtake leaks for a coke oven battery in complfiance with

the requirements of 325 [AC 11-3. As we recommended {n our comments of

July 20, 1982, the General Notes should indicate that this emission factor,
when 1isted as a short tarm emission 1imit in Appendix A of 6-1-10.1,

should be used only "for the purpose of determining emission offsets resulting
from source shutdown." We recognize that a company might want to have a
higher emfssion Timit than 0,18 1b/ton of coal in order to provide greater
emission offsets for future growth, We recommend, however, that the

emission 1imit of Q.18 1b/ton of coal be used for fugitive emissions from

all coke gven batteries in the Strategy and that future growth be provided
for, instead, by operating permits which would allow higher-than-expected
production rates far {ndividual coke batteries., Since some coke oven datteries
were modeled in the final attainment demonstration with emission limits

higher than 0.18 1b/ton of coal, production rates could be increased to a
comparable extent in operating permits without jeopardizing the attainment
demonstration.

We recommend that the mass emmission Timit for U.S. Steel's Number 2
Q-80P Basic Oxygen Furnace Shop Roof Monitors be revised to read:
*0.85 1b/ton." Our previous acceptance of the 0.52 1b/ton factor was
conditfoned on U.S. Steel's providing an adequate justification for

% TOTAL PAGE.BG4 xx
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Orcanic AIR EMissions FroM Coke QuencH TOWERS

RoBerT V. HENDRIKS

u.s, ENV*RONMENTAb ProTECcTION AGENCY
ReseArcH TRIANGLE PARK, NORTH CAROLINA

A.H, Lause
J. GRIFFIN

Yogx RESEARCE CORPORATION
TAMFORD, CONNECTICUT

For Presentation at the 72nd Annual Meeting of the
Air Pollution Control Association
Cincinnati, Ohio June 24-29, 1979
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TABLE 7
PARTICULATE TEST RESULTS
Average Value

Parameter Tests 1-17

s Isokinetic 100.0

Flowrate (SCM) 4819.

. s Moisture 24.4

Clean Makeup Water
kg/metric_ton of coal

Contaminated Makeup Water

Particulate Emissions® kg/metric ton of coal

Benzene soluble tests

Tests 1,2 Test 13
Cyclone 0.28 . 0.42
Probe/nozzle/condenser/ 0.25€ 0.53
adsorber
Filter 0.005P 0.04
Total particulate catch 0.52b 0.99
Tests 2B-12b - -
Cyclone 0.31 -
Probe/nozzle 0.08° -
Filter 0.32P -
Total particulate catch 0.68° -
Tests 14-17° - ’ -
Cyclone - 0.89
Probe/nozzle - 0.10
Filter - 0.15
Total particulate catch - 1.14

3 There are no particulate results for the condenser and adsorber samples for
Tests 2B-12 and 14-17.

b 15 geveral tests, particulate filters were destroyed by the impaction of fine

particulate upon the filter media. Results of these tests are not included
in the averages.

C Tests 1,2, and 13 were analyzed for benzene soluble residue by analyzing each
sampling train component individually. Included in this analysis was total
particulate in the condenser and adsorber. 1In Test 2, the condenser sample
appeared contaminated and is not included in the average,
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ATTACHMENT J

PROPOSED COKE BATTERY DOOR PERFORMANCE STANDARDS

The proposed coke battery door performance standards presented at the April 14, 1992 meeting
are as follows: '

#2 Battery 8% 30 day rolling average;
#5 Battery 7% 30 day rolling average;
#3/7 Battery 6% 30 day rolling average.

These limits are more stringent than the proposed limits and do not include any exclusions which
are in the current standards. The target date for compliance with these limits is January 1993.

PROPOSED BLAST FURNACE CASTHOUSE OPACITY LIMIT

The proposed blast furnace casthouse roof monitor opacity limit as presented at the April 14,
1992 meeting is as follows:

The opacity of visible emissions, other than water mist or vapor, from blast furnace
casthouse roof monitors shall not exceed twenty (20) percent per cast as determined on
a six (6) minute rolling average. When determining the six (6) minute rolling average
basis, a maximum of ten (10) minutes per cast (forty 15 second observations) shall be
excluded from the rolling average calculation. EPA test Method 9 shall be utilized to
determine compliance with this limit.

PROPOSED NO. 1 BOP SHOP ROOF MONITOR OPACITY LIMIT

The proposed No. 1 BOP shop roof monitor opacity limit as presented at the April 14, 1992
meeting is as follows:

The opacity of visible emissions, other than water mist or vapor, from the No. 1 BOP
Shop roof monitor shall not exceed twenty (20) percent per hour as determined on a six
(6) minute rolling average. When determining the six (6) minute rolling average basis, a
maximum of ten (10) minutes per hour (forty 15 second observations) shall be excluded
from the rolling average calculation. EPA test Method 9 shall be utilized to determine
compliance with this limit.

PROPOSED NO. 2 Q-BOP SHOP ROOF MONITOR OPACITY LIMIT -

At present, USS is not proposing a specific opacity limit for the No. 2 Q-BOP Shop roof monitor.
USS has proposed to install an enclosed hood evacuation system at the No. 2 Q-BOP shop to
capture and control charging, tapping and primary fugitive emissions. Details of this system
were provided to IDEM on March 27, 1992. USS proposes that design specifications and
operating and maintenance practices be developed for this proposed control system for inclusion
in the rule. However, until the system is installed and operational, USS is not proposing a
specific opacity limit for this source.

J-1
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U.§ Steel

Gary Works

One North Broaaway
Gary, iN 464C2-3193

April 7, 1992

Mzr. Shri Harsha
Indiana Office of
Air Management
105 South Meridian Street
P. O. Box 6015
Indianapolis, Indiana 46206-6015

Lake County PMio SIP, Gary Works
Coke Quench Tower Emission Limits

Dear Mr. Harsha:

Per our discussion on March 27, 1992, U 5. Steel is proposing the following limits
and monitoring requirements for the Gary Works dbke quenching operation:

Limitation
3 The fotal dissolved solids (TDS) component of coke quench water makeup

shall not exceed a concentration of 1500 milligrams per liter (mg/1) as
measured by USEPA Method 160.1 or Method 2540C, as described in the
seventeenth edition of Standard Methods foy the Examination of Waier
and Westewater. .

Coke quench water makeup shall be defined as a flow proportioned

mixture of process wastewater and service (Lake Michigan) water as in-
troduced into each coke quencher sump as makeup water to the coke

quench system.

Monitoring

Q

a

U.S. Steel shall continuously monitor the total flow of process wastewater
and service water introduced as coke quench water makeup to each active
coke quencher sump.

U. S. Steel shall monitor the total dissolved solids (TDS) concentration of
each coke quench water makeup source for each active coke quencher
sump on a daily basis. A 24-hour composite sample, consisting of no
fewer than three equal volume sample increments, shall be collected for
each coke quench water makeup source and the total dissolved solids
(TDS) concentration shall be determined for each 24-hour composite
sample.

. S. Steel Group
A unit of USX Cerporation
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Compliance Determination
O For each active coke quencher sump compliance shall be determined by
calculating a flow-weighted average total dissolved solids (TDS) concen-
tration of the coke quench water makeup. Compliance shall be deemed to
have been met if the calculated total dissolved solids (TDS) concentration
for the makeup to each active coke quencher sump does not exceed 1500
milligrams per liter (mg/1).
Recordkeeping
Q US. Steel shall maintain records of the sampling results for each active

coke quencher sump onsite. Records shall be available for inspection and
shall be maintained for a period of not less than two (2) years.

The implementation of the daily monitering component of this proposal will re-
sult in an additional annual cost of over $25,000, plus installation and mainte-
nance costs for the continuous flow measurement instrumentation. This is a very
significant cost for a source whose effect on the NAAQS is insignificant.

Please call me is you have any questions regarding this correspondence

Very truly yours,

ws esle
s W. G. Kubiak
o Manager - Environmental
Compliance
WSKijah
E0406B.D0C

DiGuh
JFKaloski
DDworek
RHarkov

RDDurham
HDRattig
VVNordlund
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